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$EVWUDFW
7KH GHYHORSPHQW RI ZLUHOHVV WHFKQRORJLHV DQG PLFUR HOHFWURPHFKDQLFDO V\VWHPV KDV LQLWLDWHG WKH VXFFHVV RI ZLUHOHVV VHQVRU
QHWZRUNV7KLVNLQGRIQHWZRUNVLVFRPSRVHGRIPDQ\VHQVRUVZKLFKDUHGHSOR\HGKHDYLO\LQDQDUHDRILQWHUHVW7KH\FROOHFWDQG
GLVVHPLQDWHWKHUHTXLUHGGDWDIRUPDQ\DSSOLFDWLRQV+HQFH WKHUHVHDUFKRQZLUHOHVVVHQVRUQHWZRUNVLVDFWXDOO\DQLQWHUHVWLQJ
DQGDWWUDFWLYHDUHDDVVHYHUDOSUREOHPVPXVWEHRYHUFRPH'HWHUPLQLQJ WKHSK\VLFDO ORFDOL]DWLRQRIDVHQVRU LVDIXQGDPHQWDO
IXQFWLRQ DQG D FKDOOHQJLQJ LVVXH WKDW ZDV DGGUHVVHG E\ PDQ\ DSSOLFDWLRQV 7KXV QXPHURXV V\VWHPV DQG DOJRULWKPV RI
ORFDOL]DWLRQZHUH SURSRVHG LQ WKH OLWHUDWXUH ,Q WKLV SDSHUZH VWXG\ WKH EDVLF WHFKQRORJLHV XVHG IRU WKH ORFDOL]DWLRQ RI VHQVRU
QRGHV7KHQZHH[DPLQHVRPHLPSRUWDQWDOJRULWKPVZKLOHVXPPDUL]LQJWKHSDUDPHWHUVWKDWZHXVHIRU WKHLUFODVVLILFDWLRQ$W







7KH WRSLF RI VHQVRUV QHWZRUNV UDLVHV D JURZLQJ LQWHUHVW IRU VHYHUDO \HDUV :LUHOHVV VHQVRU QHWZRUNV DUH
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7KHXVHRI WKH*36DYRLG WKHSUREOHPRI WKH ORFDWLRQ LQRXWVLGH+RZHYHU WKLVNLQGRI V\VWHP LV FRVWO\ DQG
FRQVXPHVPXFKHQHUJ\7RDQVZHUWKHQHHGRIVXLWDEOHORFDOL]DWLRQIXQFWLRQDOJRULWKPVRIORFDOL]DWLRQDUHJLYHQLQ
WKHOLWHUDWXUH
2.1. Fine Localizations 
7KHILQHORFDOL]DWLRQSURSRVHVDQDSSURDFKEDVHGRQWKHPHDVXUHV)RUZKLFKDVSHFLILFPDWHULDOLVQHFHVVDU\WR
VXSSO\IRUH[DPSOHWKHGLVWDQFHRUWKHDQJXODUPHDVXUHVEHWZHHQWKHQHLJKERULQJQRGHV
2.2. Approximate Localizations 
2WKHU VDLG VWUDWHJLHV IUHH RIPHDVXUHV DV IRU WKHP DUH DOJRULWKPVZKLFK FDQZRUNZLWKRXW WKH SUHVHQFHRI D
WHFKQRORJ\ RI GLVWDQFHV HVWLPDWLRQ 7KH FRQQHFWLYLW\ RI D QRGH LV XVHG DV LQGLFDWRU WR DSSUR[LPDWH WKH QRGH
FRRUGLQDWHV$FFRUGLQJWRWKHDSSOLFDWLRQWKLVDSSUR[LPDWHORFDOL]DWLRQRIWKHVHQVRUVFDQEHDJRRGFRPSURPLVH
&ODVVLILFDWLRQSDUDPHWHUVRIORFDOL]DWLRQDOJRULWKPV
7R VWXG\ GLYHUVH WHFKQLTXHV DQG SURWRFROV RI ORFDWLRQ LQ :61V ZH SURSRVH D FODVVLILFDWLRQ E\ WDNLQJ LQWR
DFFRXQW WKH GLIIHUHQW FRQVLGHUDWLRQVZKLFK FRUUHODWHZLWK WKH UHTXLUHPHQWV RIZLUHOHVV VHQVRU QHWZRUN2XUZLGH
VWXG\RIWKHSURWRFROVRIORFDOL]DWLRQDOORZHGXVWRSURSRVHWKLVFODVVLILFDWLRQLQVSLWHLWH[LVWVRWKHUFODVVLILFDWLRQ
DVLQ
























6HOIORFDOL]DWLRQE\UHJUHVVLQJ*UDPPDWULFHVFHQWUDOL]HGDSSURDFK   
$OJRULWKP0'6±0$3  









 Self-localization by regressing Gram matrices (centralized version): ,Q WKLVPHWKRG WKH DXWKRUV DGGUHVV WKH
SUREOHPRIVHOIORFDOL]DWLRQRIHDFKRI WKHVHQRGHV IURP LQWHUVHQVRUPHDVXUHPHQWV VXFKDV566,DQGD IHZ
VHQVRUVFDOOHGDQFKRUVZKRVHSRVLWLRQ LVNQRZQ:LWKLQ WKHIUDPHZRUNRIUHSURGXFLQJNHUQHO+LOEHUWVSDFHV
ZH RSHUDWH DPDWUL[ UHJUHVVLRQ WHFKQLTXH RQ WZR*UDPPDWULFHV RQH FRUUHVSRQGLQJ WR WKH SDUWLDOO\ NQRZQ
UHODWLYHSRVLWLRQVRIWKHVHQVRUVWKHRWKHUJDWKHULQJ566,PHDVXUHVEHWZHHQHDFKVHQVRU
 Multi-Dimensional Scaling- Mobile Application Part (MDS-MAP): 0HWKRG0XOWL'LPHQVLRQDO6FDOLQJ0'6
KROGV LWVRULJLQVRI WKHSV\FKRPHWULF ,WZDVRIIHUHGZLWK WKH LQWHQWLRQRIXQGHUVWDQGLQJKRZUHDFWVDSHUVRQ
IDFLQJVLPLODULWLHVRIWKHPHPEHUVRIDJURXSRIHQWLWLHV,WLVDWHFKQRORJ\RIDQDO\VLVRIGDWDWKDWLVQRZXVHGLQ
GLIIHUHQW GRPDLQV0'6 LV XVHG WR SURGXFH DQ HDVLHU SLFWXUH WR EH XQGHUVWRRG WKDQ DPDWUL[ RI VLPLODULWLHV
















































A. Range-free Algorithms 

















 Point in Triangle Test Algorithm7KH$3,7DOJRULWKPSURSRVHGLQLVIUHHRIPHDVXUHJLYHVDQHVWLPDWLRQ
RI WKH SRVLWLRQV E\ VXEGLYLGLQJ WKH ]RQH RI GHSOR\PHQW LQWR WULDQJXODU UHJLRQV IRUPHG IURP DQFKRUV 7KH
DXWKRUVRIGHFRPSRVHWKHQHWZRUNE\XVLQJQRWWULDQJOHVEXWSRO\JRQV
 AT-Free Method $7)DPLO\ )DPLO\ RI $SSUR[LPDWLRQ 7HFKQLFDO IURP  LV D IDPLO\ RI WKUHH
DSSUR[LPDWLRQWHFKQLTXHVLQORFDWLQJRIVWDWLFQHWZRUNVEDVHGRQWKHFDSDELOLWLHVRIVHQVRUV7KHWKUHHPHWKRGV
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B. Range-based Algorithms 
 Collaborative localization algorithm for wireless sensor networks,WLVDGLVWULEXWHGFROODERUDWLYHORFDOL]DWLRQ
DOJRULWKPWKDWUHTXLUHVQRH[WHUQDOVXSSRUWIRU LQIUDVWUXFWXUHDVQRGHVRUDQFKRU WDJV7KLVDOJRULWKPXVHVWKH
GLVWDQFHVPHDVXUHGLQWHUQRGHVXVLQJWHFKQRORJ\7'R$
 Self-localization by regressing Gram matrices (distributed version) 7R DQVZHU WKH FRQVWUDLQWV LPSRVHG E\
ZLUHOHVV VHQVRU QHWZRUNV D GLVWULEXWHG YHUVLRQ RI WKH DSSURDFK RI VHOI ORFDOL]DWLRQ E\ UHJUHVVLRQ PDWUL[ LV
LPSOHPHQWHG
 SumDistMinMax Method ,Q WKLV PHWKRG HYHU\ DQFKRU EHJLQV E\ EURDGFDVWLQJ LWV SRVLWLRQ:KHQ D VHQVRU
UHFHLYHV WKLVSRVLWLRQ LWHVWLPDWHV WKHGLVWDQFHZKLFKVHSDUDWHV LW IURPWKLVDQFKRUE\DSSO\LQJ WKH WHFKQLTXH
















 Ad hoc Positioning System with AoA(APSAoA) 7KH $36$R$ PHWKRG LV DQ H[WHQVLRQ RI WKH SUHYLRXVPHWKRG
ZKLFKFRQVLGHUVVHQVRUVKDYLQJWKHFDSDFLW\WRPHDVXUHDQJOHV




WKHLUQHLJKERUV*UDFH WR WKLV FDSDFLW\$7'LVW LPSURYHV WKH WHFKQLTXHRI DSSUR[LPDWLRQRI WKHSRVLWLRQVRI
$7)UHHDQGGHILQHVUXOHVDOORZLQJORFDOL]LQJH[DFWO\FHUWDLQQRGHV
 AT-Angle Method 7KH WHFKQLTXH RI ORFDOL]DWLRQ$7$QJOH LV WKH WKLUGPHWKRG RI$7)DPLOO\ ZKLFK OHDQV
HLWKHURQWKHGLVWDQFHVEXWRQWKHDQJOHVEHWZHHQWZRQHDUE\QRGHV
 Accurate Distributed Node Localization Algorithm (ADNL),QWKLVDOJRULWKPHDFKVHQVRUNQRZVDQFKRUQRGHV
SRVLWLRQV LQ LWV NKRS QHLJKERUKRRG DQG DOVR GLVWDQFH EHWZHHQ QHLJKERU QRGHV WKDQNV WR D WHFKQRORJ\ OLNH
7'R$1RGHVZLWKHQRXJKDQFKRUVLQWKHLUQHLJKERUKRRGORFDOO\UXQDIRUFHEDVHGDOJRULWKPVRDVWRGHGXFH
WKHLUSRVLWLRQDQGWKHQIRUZDUGLWVRDVWRHQDEOHRWKHUQRGHVWRORFDWHWKHPVHOYHV
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,QKHUHQW LQ DOO ORFDOL]DWLRQ V\VWHPV LV D GHJUHH RI HUURU LQ FRPSXWHG SRVLWLRQV ZKLFK FDQ FRPSURPLVH WKH
DFFXUDF\DQGHIILFLHQF\RIORFDWLRQGHSHQGHQWDSSOLFDWLRQVDQGSURWRFROV7RHVWLPDWHWKHGHJUHHRISUHFLVLRQZH
FDOFXODWHG WKH PHWULFV RI WKH DEVROXWH DYHUDJH HUURU :H GR QRW FRQVLGHU DQFKRUV QRGHV ZKLFK KDYH DQ H[DFW




Fig.2. The simulations Results
7KHILJXUHVKRZVRXUUHVXOWVRIVLPXODWLRQV)RUWKH+W5HILQHDOJRULWKPZKHQDVHQVRUFDOFXODWHVLWVSRVLWLRQ
LQ WKH'9+RSSKDVH LW LVJRLQJ WREURDGFDVW LW WR UHILQH WKHUHVXOWVRI WKHRWKHUQRGHV7KLVSULQFLSOHFDQFDXVH
HUURUVGXULQJWKHHVWLPDWLRQRIWKHGLVWDQFHVEHWZHHQDQFKRUVDQGXQNQRZQVQRGHV2QWKHRWKHUKDQGLQ$7)UHH
DOJRULWKPWKHVHQVRUVSDUWLFLSDWHLQWKHLPSURYHPHQWRIWKHFDOFXODWLRQVE\EHFRPLQJHVWLPDWHGDQFKRUV7KDW¶VWKH
UHDVRQ IRU $7)UHH WKH DYHUDJH HUURU GHFUHDVHV LQ D VWDEOH ZD\ ZLWK UHJDUG WR WKH LQFUHDVH RI WKH QXPEHU RI
DQFKRUV
&RQFOXVLRQDQGIXWXUHZRUN
7KH QHZ WHFKQRORJ\ JLYHV QHZ RSSRUWXQLWLHV EXW LW DOVR LQWURGXFHV QHZ SUREOHPV ,W LV SDUWLFXODUO\ WUXH IRU
VHQVRUVQHWZRUNVRU WKH LQGLYLGXDOFDSDFLWLHVRIDVHQVRUDUH OLPLWHG&RQVHTXHQWO\ WKHFROODERUDWLRQEHWZHHQ WKH
VHQVRUVLVUHTXLUHGEXWHQHUJ\VDYLQJVDUHDQLPSRUWDQWFRQFHUQZKLFKLPSOLHVWKDWWKHFRPPXQLFDWLRQVKRXOGEH
UHGXFHGDWOHDVW7KHVHFRQWUDGLFWRU\REMHFWLYHVUHTXLUHVRSKLVWLFDWHGVROXWLRQVIRUPDQ\VLWXDWLRQV
%\ VWXG\LQJ WKH DOJRULWKPV RI ORFDOL]DWLRQ WKH PRVW DWWUDFWLYH GLVSRVLWLYH RI WKHVH DOJRULWKPV EDVHG RQ WKH
FRQQHFWLYLW\ DQG WKXV UDQJHIUHH LV WKHLU VLPSOLFLW\+RZHYHU WKH\ FDQRQO\ VXSSO\ D URXJK HYDOXDWLRQ$OVR WKH
HUURURI ORFDOL]DWLRQGHSHQGV VWURQJO\RQ WKHGHQVLW\RIQRGHV LQ WKHQHWZRUN2Q WKHRWKHUKDQG WKHDSSURDFKHV
UDQJHEDVHGUHSUHVHQWPRUHSHUIRUPDQFHVIRUWKHDFFXUDF\EXWFDQUHTXLUHDGGLWLRQDOPDWHULDO,QRXUZRUNDVWXG\
KDVEHHQFDUULHGRXW WKDW DQDO\]H WKHSHUIRUPDQFHRI WKHDOJRULWKPVRI ORFDOL]DWLRQ$7)UHHDQG+75HILQH7KH
UHVXOWVRIWKHSHUIRUPDQFHREWDLQHGE\VLPXODWLRQDUHHYDOXDWHGDQGGLVFXVVHG
%\ WKLV VWXG\ ZH ZHUH DEOH WR GHYHORS D NQRZOHGJH EDVH ZKLFK DOORZHG XV WR SURSRVH D QHZ DSSURDFK RI
ORFDOL]DWLRQ2XUREMHFWLYHLVWRVXSSO\WRWKHQRGHLQIRUPDWLRQRIORFDOL]DWLRQE\H[SORLWLQJRQO\WKHLQIRUPDWLRQRI
FRQQHFWLYLW\2XU VROXWLRQ VKRZHG WKHVH SRLQWV VWURQJ DQG WKHZRUN LV LQ VWDJH RI ILQDOL]DWLRQ ,Q WKLVZRUNZH
VWXGLHGH[LVWLQJDSSURDFKHVEHVLGHVDQLPSOHPHQWDWLRQRIDFRPSDUDWLYHVWXG\:KDWDOORZVXVWRXQGHUVWDQGEHWWHU
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